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My invention pertains to rocket motors and 
more particularly to means for increasing the 
operating time of rocket motors. | 

In general a rocket motor comprises a com- 
bustion chamber, a nozzle in the wall of the com- 
bustion chamber, and means for generating with- 
in the combustion chamber gas, or Vapors, at 
high temperature and high pressure. In its most 
practical form the nozzle is of the De Laval type. 
Such a nozzle has a restricted throat providing 
communication between the combustion cham- 
ber and the medium surrounding the rocket mo- 
tor, and smooth conical passages converging to- 
ward the throat on each side thereof. — 

As the gas escapes through the nozzle a me- 
chanical reaction is produced on the rocket mo- 
tor, The resulting thrusi may be utilized to pro- 
pel the rocket motor itself or to propel or direct 
a vehicle to which it is attached. In general 
the effectiveness of a rocket motor increases with 
the period of operation. 

During the operation of the motor heat is 
transferred from the vapors to the wall of the 
combustion chamber and to the wall of the noz- 
zle. Apparently, heat is transferred more rap- 
idly to the wall of the nozzle than to the wall of 
the combustion chamber, the rate of heat 
transfer being a maximum at the nozzle throat. 
In any case, the nozzle tends to heat more rapidly 
and to a higher temperature than does the wall 
of the combustion chamber. 

Generally the temperature of the gases exceeds 
the: melting point of the material forming the 
walls of the combustion chamber and the nozzle. 

For this reason the duration that a rocket mo- 
tor can operate is limited by the heating char- 


acteristics of the nozzle. For example, if the melt- ` 
ing point of the material composing the nozzle. 


should be exceeded at the throat, the nozzle may 
melt there and the cross-sectional area of the 
throat may be increased in an irregular manner, 
thereby causing irregularities in the amount of 
thrust generated, In any event, the nozzle itself 
may be injured and rendered unfit for subsequent 
use in a rocket motor. 

Accordingly the principal object of my inven- 
tion is to provide means for increasing the pe- 
riod of operation of a rocket motor. ` 

Another object of my invention is to provide 
means for preserving the nozzle of a rocket motor. 

-To achieve these objects I coat the shoulder 
and the wall of the conical passage leading to the 
nozzle throat from the combustion ch-mber with 
an organic thermoplastic material which will re- 
duce the rate of flow of heat from the escaping 
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gases to the wall of the nozzle. For such a coat- 


- ing I prefer to utilize a material which is chemi- 


cally inert in the presence of such heated vapors. 
Preferably, the material forming the coating 
should be volatilizable and should have a low heat 
conductivity. I have-found that asphalt compo- 
sitions are very satisfactory for my purpose as 
they possess all three desirable properties, namely 
thermoplasticity, volatilizibility, and low heat 
conductivity. : 

As the coating vaporizes, it absorbs heat and 
thus reduces the effective rate of heat transfer 
to the nozzle. I prefer to utilize a thermoplastic 
coating because such a coating has little tendency 
to crack or separate from the wall of the nozzle 
as it is heated. Such a coating has the further 


. advantage that, as it softens in the presence of 
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the heated vapors, it tends to flow toward the 
nozzle throat and thus partially insulate the noz- 
zle at the throat itself. j 

It is to be understood that though my inven- 


- tion as described herein is applied to rocket: 
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motors utilizing solid propellants, it may also be 
applied to other kinds of rocket motors in which 
gases, Or vapors, are generated at high tempera- 
ture and pressure, and that though my invention 
is illustrated with reference to a coating com- 
posed of asphalt, coatings of other materials may 
also be used without departing from the prin- 
ciples of my invention as set forth herein and de- 
fined in the appended claims. 

My invention may be more readily understood ` 
by reference to the following description taken 
in conjunction with the accompanying drawing, 
partly in section, illustrating the application of 
my invention to a rocket motor utilizing a solid 
propellant charge. : 

For convenience the rocket motor shown in the 
drawing will be described as if standing with its 
axis X—X vertical. As shown the rocket motor . 
has a combustion chamber formed by a cylindri- 
cal steel. vessel | closed at the lower end by an 
end plate 3 and a cap 5 attached to the upper 
end by means of suitable threads. 

A copper nozzle 1 extends through a bore 9 in 
the wall of the cap and is held in place by means 
of a press fit. The nozzle is prevented from slip- 
ping through said bore by means of a nozzle 
shoulder fi seated against the wall of said cap 
within the combustion chamber. 

A passage through the nozzle provides com- 
munication between the combustion chamber and 
the surrounding medium. Said passage has 2 re- 
stricted throat 13 intermediate the ends thereof : 
and communicates with the combustion chamber 
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and the external medium by means of two smooth 
conical portions (5 and (1 respectively each of 
which converges toward the throat. 

In the embodiment of my invention here illus- 
trated, a coating 19 composed of asphalt covers 
the wall of the conical passage 15 communicating 
directly with the combustion chamber, and the 
exposed portion of the shoulder 11 within the 
- combustion chamber. _ 

The particular rocket motor shown utilizes a 
solid propellant charge 21 filling the lower por- 
tion of the combustion chamber. - Such a propel- 
lant charge may be composed of a fuel and oxi- 
dizer, for example, asphalt and potassium per- 
chlorate, which when once ignited at the upper 
free surface 23 thereof is adapted to burn over 

`an extended period of time liberating vapors at 
high temperature and pressure, 

Suitable means for igniting the propellant 
charge are provided. In the form shown such 
means comprise an ignition squib 25 which is 
mounted externally to the combustion chamber 
and is secured to the wall thereof by means of 
threads 27 in a second bore 29 extending through 
the cap wall. This ignition squib comprises a 
tubular member 3! having an elongated hollow 
cylindrical portion therein communicating with 
the space within the combustion chamber through 
a smaller cylindrical passage 33 at the lower end 


of the squib. The upper portion of the tubular 3 


member is closed by means of a cup-shaped plug 
35 secured thereto by means of threads 31. A 
pair of insulated electrical connectors 39, 39 ex- 
tend through the upper end of said plug. 

A short piece of Nichrome wire 41 is connected 
to said connectors. . Within the cup-shaped por- 
tion of said plug said piece of wire is embedded 
within a small charge 43 of ignition powder ce- 
mented within said cup-shaped portion. 

The elongated cylindrical portion 31 of the 
squib includes a cylindrical pellet 45 composed of 
combustible material. This pellet has an axial 
channel extending therethrough along the axis of 
‘said cylindrical portion 31. 

In order to initiate operation of the rocket 
motor, electrical current is supplied through the 
connectors 39, 39 to the piece of Nichrome wire 
from some suitable source of electrical energy 
(not shown). When the temperature of the ig- 
nition charge 43 reaches the ignition point, said 
charge ignites and in turn ignites the combustible 
pellet 45. As the pellet burns it projects hot gas, 
usually in the form of a flame, onto the upper 
free surface 23 of the propeliant charge. 

After a short interval of time, of the order of 
one second, part of the propellant charge itself 
reaches its ignition temperature, causing the fuel 
and oxidizer to react chemically and thereby 
liberate combustion gases at high temperature 
and pressure. Such temperatures may be of the 
order of 3000° C. Preferably the propellant 
charge contains an excess of asphalt so that sub- 
stantially all of the potassium perchlorate is con- 
sumed in the combustion process and an atmos- 
phere of heated combustion gases is produced 
within the combustion chamber, in which the 
material, in this case asphalt, composing the 
coating on the nozzle is chemically inert. 

As the gases escape through the nozzle they re- 
act mechanically on the motor, generating a 
thrust which may be utilized to assist in the pro- 
pulsion of a vehicle such as an airplane, to which 
the motor is attached by suitable means (not 
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shown). After passing through the throat of the 
nozzle into the surrounding medium the combus- 
tion products expand and cool. During the op- 
eration of the motor, heat is transferred from the 
vapors to various parts of the walls of the chamber 
and the nozzle in an amount varying directly as a 


function of the rate of flow and the temperature 


of the vapors in contact therewith. 

The rate at which heat may be transferred to 
the nozzle itself is reduced considerably by virtue 
of the low heat conductivity of the asphalt coat- 
ing. As the temperature of the coating rises 
the asphalt forming the coating vaporizes, thus 
absorbing heat and tending to cool the wall of 
the nozzle. During the operation of the motor 
the coating vaporizes most rapidly near the nozzle 
throat and the portion of the coating on the wall 
of the conical portion of the passage within the 
combustion chamber is softened and forced to- 
ward the throat by the gases flowing through 
the nozzle. Preferably littie or no asphalt coats 
the throat itself as at low temperatures such a 
coating may break off during the initial period 
of operation. 

By virtue of the fact that the wall of the nozzle 
passage is temporarily insulated by the asphalt 
coating and is partially cooled by virtue of the 
vaporization of the asphalt coating during the 


_initial stage of motor operation, the nozzle may 


be operated for a considerably longer time than 
otherwise before reaching the upper safe tempera- 
ture limit of operation. 

From the foregoing description it can be readily 
seen that I have provided means for increasing 
the operating time of rocket motors and for pre- 
serving the life of a nozzle used in a rocket motor. 

Iclaim: j 

1. In combination with a rocket motor having 
a combustion chamber, a propellant charge within 
tlie chamber adapted to burn over an extended 
period of time, a metallic nozzle in the wall of. 
said motor and having a passage extending there- 
through, the passage wall having a restricted 
throat therein and a smooth portion within the 
chamber converging toward said throat, and an 
asphalt coating on the wall of said portion. 

2. In combination with a: rocket motor having 
a combustion chamber, a propellant charge within 
the chamber adapted to burn over an extended 
period of time, a metallic nozzle having a shoulder 
therein seated against the interior wall. of the 
rocket motor chamber, said nozzle having a re- 
stricted throat therein providing a communica- 
tion between motor chamber and the surrounding 
medium and a smcoth conical passage extending 


. from the shoulder to the throat, and an asphalt 


60 


65 


coating on the walls of the conical passage and 
on the exposed portion of said shoulder. 
FRED S. MILLER. 
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